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SAME CARBON CLUSTER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To produce a new carbon cluster and a raw material for producing the 
carbon cluster and provide a method for producing the carbon cluster and further a method for 
extracting MC60 and MC70. 

SOLUTION: This new carbon cluster is the one having a composition of SrC60 and SrC70. The carbon 
cluster is produced by adding a strontium compound such as strontium oxide to a carbonaceous raw 
material, using the resultant mixture as a raw material and carrying out the arc discharge, etc., thereof. 
MC60 and MC70 (M is a metal except Sr) are extracted from a soot containing both with aniline. 
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[*#»»#(& «6K] 

[§§#*! 1] S r C60. S r CjoCDrnm^^'t & Z t 

[is*H2] «*ms»icx hP>^A<b*«&£$8 

tiULtzZtZftmt't&S r C60. S r C70frt>l£&X 

*PLf::iI¥4£j?H^T, S r C60. S r ClQfr£>f$.Z>3LlZ 
S r C60. S r ClO&'£t;8Lm j > = ?*$—$&Z>Zt& 

[11^114] S r C60. SrC70^bfiJ^XIiSrC 

60. s r C7o£^it;igt§f§^x$— frttWfcj^y 

[»*S5] S r C60. S r C703fr*&J3S4XI4S r C 
60. S r C7o££-t;&*^ ^X£ — £7-U >fc«fcy 

z t &&&t J-ftflfafti 3 icetta>K*9 

[§S#If6] MC60. MC70/)^/S^X(*MC60. M 
C70^^tK^^ 7X^-J7-»J ^iZ&Vi&ft't&Z 

£o ) o 

[000 1] 

[*W<DBir *^B^(i; 

5?— % #IZS r C60. S r C700)fflfifc* *f ^ 
[0 0 0 2] 

Ife&CD&ffil vimZ^^Z — lt. 1 9 8 5^, 

*i¥<DV PI (K r o t o) ihX^-'J- (Sm a I 

I e y) t>l3j;or^$nfcC60^C70l?Ol>^*^ 

'S/'C— K6 [A. F. Hebard e t a 
I . . Nature, 350, 600 (1 9 9 1))!: 

ceoWKi^ay^A (k> £ K-tr>y-r*u** 

&#SfiT c = 1 8 KO>«ie»«:frft-BCt]&<96Jl$ 
*U [K. Tanigaki et a 

I. . Nature. 352. 222 '(1991)31= 
£y. Cs2 R b C60^T c = 3 3 K<D$Rfcm&VfoZ> 

zttm&ztiTi^&o *tz* fc*ao>««*s#ftiL 

fcC60 (**tt) *<fc h^S^O-fx^ (HIV) (7) 

ii5i$fll^^C<t^^y— K"7>t> [S. H. Fr i e 
dman et a I . . J. Am. Chem. So 



c. . 115. 6506 (1993)3 fC <fc -3 T$B£-£ 
[0 0 0 3] l£tz. ^T-PK^^*Lfca*^^X4r 

X$-li*m + Tl£S£M£5£LTl*£ 0 H£ot, &Brt 

^7X^ — vmrnm^m-t * a>#ie a £ 

I*. wt*m. m&ttnma>mm±**v 

[0004] ±E(0J:3I=. &gflfi^X$- 

&o ^-'J-^v^b [R. E. Sma I 

ley. Y. Chai et a I . . J. Rhys. 
Chem., 95. 75 64 (1991)] |Z«J:-5«* 
*=>X$-C82l=7>*> (La) WSftSLfcLa 
@C82x ^H^fe®t> CH. Shinohara. H. 
Sato et a I. . J. Phys. Chem. , 
9 6. 3 57 1 (1 99 2) ) l:J:^I^7X^-C 
82!--<yMJOA (Y) Jl^^F*9&LfcY@C82X(4Y 
2 @C82* HC<«ia^ttB& [H. S h i n o h a r 
a, H. Sato et a I . . Nature. 35 
7. 5 2 (1 9 9 2)] |Zcfc*«**^X* — C82KX 
7J>v^A (Sc) ^S^SLfcS c@C82. Sc2 
@C82. Sc3 @C82- (E. G. G i I I a 

n et a I . , J. Phys. Chem. .96. 
68 6 9 (1 9 9 2)] \Z& ^X$- C82(C-b 

'J^A (Ce) „ ^ij-^A (Nd) „ (S 
m) % a^P^A (Eu) . (Gd) % 

f^t'OA (Tb) % vX^Di/H;A (Dy) % 7|x;U5 
^A (Ho) , X^t'^A (E r) ft ft Lfc 

*a*«rtft^^x*— a>^«a>tjBft^fty % «**^ 

X^-C82^C84^ + lCjS^^||| AfefcIBG)r$£y*,if 
KJR£l7X£ — C82*^C84^v La@C82. Y@C82. 

*«T?aaj?rtt-c*y. #st. fMciz*y*iB£tu 
[0005] Sfcicift^ x^e— y— ¥>y*6 [r. 

E. Smal ley. T. Guo et a I . . Sc 
ience. 257, 1661 ( 1 9 9 2 ) ] \Z £ tj g| 

S^X£ — C28^ b C60^ r ^> (U) . /N^-^A 
(H f ) . v;U=l-^A (Z r ) . 7*$> (T i ) Wl* 

^f^aLfrU@C28. U@C60. Hf@C28. Zr@C 

28. T I @C28^«* < «***t. Sfc^t-'J-^ 
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CR. E. Sma I I ey. L . S. Wang e 
t a I . . 2. Phys. . D, (CcfctJ , & 

<tl3)l,is0Jx (CaO) ««*l=»LTlH^»tt^O. 

a@C60*^JS*H. -«<b&§£T*ttai^fc£T*fe£Ci: 

P 1 50. 1 9 9 6Dfrcfctj % La@>C60. Y@C60. 
Gd@C60. Ce@C60. P r @ C60#£^£j»**lfc 

$ — M@C82'=tt-<r^att^&L\ta)a). 

»MEl=«fcyttttT?#44,(Dl4^*i*-c|cc a@C60^ 

c6oi=»LTt*«i«:*aaui*aa)xa3&tM**fc 

[0 0 0 6] 

tfs I!:xhP>fOA (Sr) fcoixrm^(7)g^}fc 

iiLfctCO-efc-So fiP*>. S r C60. S r C70<7>ife|/££ 

LrJH»s*irt^fc^ ^*tmcs r C6o. s r C7o<z> 

f^7X^--Cfe^SrC60, S r CyoCOSjSfig^^-r^) 

^^-JSlt§f:^o)iM^fa)gS^7X^-(D 

[0 0 0 7] 

£ — f*. S r C60. SrC70©a«$*t4K*{?7X 

-So ^©«*2^X*-£«ar*#&£LTf*. ft* 
A> 6 *Q b *IT L > & £ ^ X $ - £ SSit-f « 7555 1? fttl 



[0 0 0 8] *«Hl=fll&ftXSjg[H£i* % Hlftfj|c& 

Si, Fo. V. N a . A I . N i, Pb, Cr. 
Mg, Ti. S. P. N»£*A/"t?l*T*<fcl*. *JMB 

<bXhP>f^A, ^*^bxhP>f!?A§(D, ftR 
*. ffilSffi. -flMtt. IHWH. >J>IHft. S'a'HMI. 

mmt&mtigo)* hP>f)A^si ({hl. *^ 

[0.009] fit, S r C60. S r C70^Si^-T-5fc 

bit?*. jatticsa-rax hp>fOAit -eonx** 

[0 0 10] **^(rfigSH3S<7)ftSMft»iiS' 
[0 0 1 1] Xhn>*aMb*tt£LTIi* Hi*. * 

¥t&©S0. 1 //m~ 1 mm<7)t»^X(4-e<D7v^$ 
l=tt*fc L fc * © * C t L I*. 

[0 0 12] ftf£Ht&£Jl{*tolc^(f£<V: % n- K;u=i 
— L/^7"P-^X. e^T^P— ^X. 7'Ja 

— Ka— ^X, ^i/Vf^ ha-^x^ro^a^Sg 

7H>v-r ^ p tf— x-v>/^u^ ^77 x— xmo&m* v 

^x— X^i— tK>^, -y— •*)\,? = 7V J >. 

0. 1 /E/m- 1 mma>»*XI*-tO)*#*|C»5fe<kLfc 

[0 0 1 3] Ctt^tDX hn>^^A<b**i:«*K» 
m»A<>BttMtt«*Lrt^ftl^*««lztt % p-;u 
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[ooi4] xhp>f^M, $tmm®&it>&^ 

9—*— a, /CK;u:&aa9a#a£*a 
ioo-25o e caca>u-erra^ *^b^«c^ 

[0 0 15] fcivc, *j»|-|tt\, fl*tf. MffL/5£ 
K. »ttLj£ff2. BnB&AAB. ftlH]1IMcElflEA» 

h?ux*a>£a-eaj»u xha^?^.Mt 
»**a>aa**»*Lfc-*»*a»r*. 

[00 1 6] fr< Lr»6*lfcj*»*tt. ^CD^^trt 
S r C60. S r C70*«i6"f 4fc«>a>W«<t LTffifflT? 
***** 3ftK/WSl*fctf>, XhP>f)Afcft*A<i 

». aaLttiMMEaaa-cBftssmv 

*CtA<»*Ll^ 0 Ig(i4 0 0-1 5 00 9 CT'M 

C60. S r C70t«»-r*fc»©K»©— LTS 
ftU *&U:i4J*fl3(*<Z)aaiK<£4. *>fr4»«i3S 
f** m$fe*p. il^tP. h>*^*P^a>an»jPSffltv*>Ec 
£ LTaaicttiv fit^»a)MfcatfS6^si»jh-r*fc. 

[0017] a»(tr*. c^naarc^orKmta^ 

***ir=d**t**«»a)at!Wfr J: -o TSafl*<£ < Jfc 

atf^^s^sne^ic^asii-r-tcDftftsa*. s 

or5t*fttf»Batrti±-r*ct3&<-c*« 0 
[0018] xhP>^»>A<k*a*xaatti» 

[0019] i«^ftcDii*ictei\r % ii4gf^hp 

4*§^f:il4, 3p«tt&*<1 00//m£ffi*.4<t. @t3ft^ 
«fc*ffl^8»ar*<*<)S:y % ja*(6T£«<o ^^fcgiJO 

a^bist, a»(*0BafiTea*a<tty« » 

I** VJSttftl 0 0|/mJSlTO)»*t?«»i*t«a'r4 



[0 0 2 0] tttKSa. XhO>WA^te 

iwa^acitt. Maa>Bn«B*Lak^aarftn 

[002 1] fit»(*<D*^(ctetxr % 0 0 

Mg/ m 3 *a"C&4fc. *TLRfCftoT L*lMSffl<D 
»r=Bf«a>tt«fcB3E-r*Ct36<BL<3S:y % *fc*/< 
•y*— fCcfc^^i^K^^^ < ft*. s&izr** 

&fc y a>#»a*<d>fti*fctf>ic % cfc y # < (Df^misicks- 

«»»*»■<.&*. aa*fl>KBB*< 
2. 00Mg/ m 3 MXtK— >J >4ftttf£ 

y. ut^n*j«»i*a)*«^i:*i4-*«Hic*ac*. 

ttoT* J*ff2<*<7>JiiSBjg[4l . 00-2. 00Mg/m 
3 -e&4C±j&<»g-Ll*. 

[0022] *fc % mm<Dm&\zt$i\x % T—ti&m 
#*f=*^TaB*9x*-*aa-*-*«*i=tt. m 

©fflifiss^s-efey, c*u«ky«^ttt^jK»3&^ 
c^<ft4o J*ra<*a>ttifasr*i omp a ja 
±-e**ct*«»*Lt^ 

[0 0 2 3] ^<Dcfe3ftJ«»{**. J&»Cl6i:rRffa<D 

»«i=jnxr4. a*K. T—>tt«*«^«a;«i»» 

[0 0 2 4] ^BB^F 6 — 8 0 4 1 O-i-fZfeigOft 

««=ftaS*L4«fc5lc. «»*«<Dt(D*a*^^X5r 
-«JB«a»fr4*$l=tt, X hn>^-Mb*a±: 

*tt*<»»*(zl*aLr^4a*i=tt. 

Lfc»**B^*Ltfay 4. 

[oo2 5] aa^7x«-aaaa3Hi=aiDr«xh 

OOlMtSin OSfig0£iS*.4 
iXXOjSilA^MTLftft, 2 OftSgp^jg*.* 
4^8±i*«iL<fiTLtL*5. XhP> 
fJA^RXl 0 0M»fc»Lt0. 02SSgP^ai 
T?l*. S r C60. S r C70K3t^X* — 

■e*-*\ x hP>^^A<b*aatto>a«3&<atii-< < 

ft4. ffiot, ftai 0 OSfiaJfc^LT^An-f 4X h 
P>?^A<tLTI4, 0. 0 2-2 OffSak ftCl*ff3: 
L<I40. 2-1 0MfiaJ[cft4cfc5lcx hP>f>A 

[0 0 2 6] Z<D*9ft»»tttffi*4CilZ*a«0> 

aa*<fey. *<DBaici**aa0BM«BaLtti*a 

B-efctttf, *0>»B*Bfrrtt©5caaOTHELTl*T 

*fc. aacD»«(. aa^^x^-oaa* 
a. aaaa. e*. usa. «^aatt^(0Kis*# 

[0 0 2 7] X hP>^^A-(b^ifel^^ADL 
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T?. ±^^*CDC60. C70C:**S*U S r C60. Sr 
[00 2 8] C3LT»6*lfcS rC60. S r CloSiM 
fcX>P>T^7Aia^(DMC60. MC7ofli*$vX*£ 

SrC60. S r C7O(0fflJ»£**4«** J 7X$ 

[0 0 2 9] 

[0 0 3 0] Hi£#J1 

Aagl*fa v f» CX&tK* «. JK^o. 0 111%, 

f^§5-i5^m] 1 0 0lt»ffl|c»L. Bfcxh 

P>^0A ( S r 0) CH^ft<b^|gp D ng!. $3£j£ 9 7 
%D *VJfillia2 O lmfCt»»Lfe*0>3. 2 411 

omsas) an*. zis^--ei^ 

»5 0H*»tm*TS6ira*Lfc*, I»p— ;u (ft 

ioo° o /cffl*$^e*ii-fc 0 ca>a«tt&v«tt 

«B« E* 9 8 M P a T?Ml:t4I«» fff i\ f&m 
ft*»fc. *<DSL ttS-9-#-«ffiL^tttf>» («*») 
*l=ftt»(t*IS«> v 8 0 0* CT'-WM$ft^fc 0 $ 

*>iz % H^^-ci i oo° crffiffllSffofe. Hb^x 

fcttftii* Jg^Jg 1 . 5Mg/ m 3 , ffi!f3££l9MP 

[0031] za>*f»*T— >tt*»aa>«a«tt«)» 

/=o -<D«<DBcBB3K;Rtf«IEf*8 O At 2 5 V. SB 
OTorriLfco Z0)7— *? J&BlZj; tj «fi LfcXX 
U *Otttt*a*U-1f-Ktt»fTBtMffl (LD-T 

of) K«»«fit-en-<fc«iii*iaii=*r. 

[003 2] Hi A*t>ffl&fr£cfc5fc % C60. C70CDte 
ICS r C60^*fJ£-f 5ffS3&8 0 8 0H4BI::. *f;S r 
C70^»J»-*"«lt*»9 2 8<D(4«fC-tti-F*L5Sl^— 
$A<«ttiaF*lfcC£*x& % S r C60, S r C7o£>*§/££ 
— tf±f&L* t&&£tiXl*Z>Zttf 



s r @c6o. s r@C70-efe4tatin-e*-& o 

[003 3] 2 
-f^MJ^A (Y) , (La) , ^KiJ-^i, 

(Gd) . t'J^A (Ce) , ^^-b^v^A (P 
r) . (Nd) , /\*'J^A (Ba) . *;U*> 

(Ca) a>«4l«tL0)lft1bttiS6«t««l$MI«|«« 

KRtJltfmm& (ld-t of) HS^«fitr*i@-<fe^ 
*SB2HH9i=3F'r D 

[0 0 3 4] B2a^6n&a^ftJ:9rc % C60. C70. c 
74. C76<©<fi»=YC60^»J6^4lia»8 0 9(DttK 
ic. *fcYC7ofc»«S-r4R«»9 2 9<0ttBir**t^ 

@C60. Y@C70"C**t«ia«-e#*. 

[0 0 3 5] B3A^W?,^4J:3l:, C60. C700Mft 
ICL a C60^»)C'*"4K*»8 5 9(DttBIZ % IfcLa 
C70l=»JS"*"*M»9 7 9CDl4MlZ^tl^tl5it^e- 
^^USSttfcCtAxf,. L a C60. L a C70(7)$afi6$ 

*-r « et*^ ^ x $ $ tix i> * c t wu&v& 

^>£>£rt&Lfc:0£St^ J 7X$--L a@C60. La@ 
C70"C**t*«T#« o 

[00 3 6] n4j6*&E6^fccfc5lC % C60. C70(7)M 
fZG d C60l=MK a r« 1£S8 7 7 OttBC:. tfcGd 

c7o^*f^*r^HS»9 9 7<D<4M(c-^^-e^5iiNe— 

^A^ttttSllfeCiA^, GdC60. GdC70O^§^$ 

**■ £j^3§^ ^ x * — a<« aj $ *tx i*z> z t tmmx # 

■^tt*KU -WJrtSLfc«**7X>-G d@ 
C60. Gd@C70-Cfc^<t}tiSil-C^^o 
[0 0 3 7] H5^&M&3&%^«fe5fw, C60. C70C7)ffi 
r-C e C60f=»K"r*Jl*»8 6 00){4Bf=. ^fcCe 
C70^*H6^*K«»9 8 OOOttHIC-tft-eftaixe— 
^A^ttUBStifcCt^^, CeC60. C e C70CD*fifiE$ 

* f ^ m m 0 x $ — a< a m * x i ^ a c t a < m ts t? s 

So ^fr. -f^^^bLrtfttiTU^^UCt^t). 
fht'J'!7A^L/cKt^7X^-Ce@C60, C 

o®c70-c**tjta-c#* o 

[O O 3 8] H6^6M6^ftcfc5l:, C60. C7oc7)ffi 

f=P r C60t^Kt a «ICSH8 6 1 ^fr P r 

C70l^*fi£-r£ftS»9 8 1 CDttBlz-t-ti-FtuStl^tf- 
$*<«tHaF*lfc P r C60. P r C70(DMfi£^ 

So ^/r. -r^>{bLrt^^^rl^^^:l^c<l:3(J^^> % ^-ti 
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[003 9] H7**&W&A\fcJ:3|z % C 6 0. C 70 Ofik 
f^N d C60^^-T^SS»8 6 4C0(iM|-. IfcNd 
C70lC*tJ^-r^S§3&9 8.4(D{iMlc^;h,^;h&l,\fc?-- 
^*><&aj ^ft/rC^b. NdC60. NdC70O)iffl^$ 

*r r & &tm <? x * — & ft tits * ti x i \ -5 c <t a < n e t? # 

f*i*ti/»)ASrtaL/:K*^7X$-N d @C60. 

[0040] B83^6W6^ttck3l=, C 6 0. C70<7)ffe 
KB a C60l-*tfc"i"4lt*»8 5 7C0fe®|C % ^f : B a 
C70fC»j£-r-SSa»9 7 7CDttM(C^^^ti^l>t°— 
94<$tt£*lfc::£fr&« B a C60, b a c7oa>ifcBJS£ 
a@c 7 oi?a54<t«iai-e#-&. 

[0 0 4 1 ] B9*&BJ!&3&\fcJ:3|c % C60. C70, C 
74. C 78 COftelCCaC60l^^^-r^Mg»7 6 0CD{4® 
iC^L^e— -27^ titzCa C70lC«JS*r-5HgfS8 8 0 
^aMfcHLxt°-^^£±3$ttf-c<t^b. CaC60. 
C a C7p©fflfit**-r*K*^5^*— j&^ttttS^rL^ 

*Ct*<«Btf**. Y*><bLT*«*irivEr 

^-Ca@C60. Ca@C70^**tlta-C#*. 
[004 2] ftRffll 1 

ml/-. -a)tt»t»a«a#tLrttfflL. itffi^j 
tztsm. C60. ciow<D'&&<Di%m<7^*$— &Kiz 

[004 3] Jt«« 2 

>. ~«t<b«*co3ajB(D»a-c**i-F*iauiL. *<d 
l— »f-jtt«afir»iaffl (ld-tofi s 



(*tttt£;h/=j&< % MC60. MC 

70^ai"e^^^^yr o 

[0 0 4 4] 

^ B ^ai] **wi=*y. ^x*-* 

$ — S r C60. S r C70. RlfMCQQ. MC7()li7— 'J 
60 ttot, *^B^(i, «S*f3R, jg£jn| 
[BB(DffiJ|L«:t»n] 

[H1] Hffi^JI T?*£LfcXX£7 = y:/-Cf»UlLfc 
[112] nt&m2<DMit'C v hU^Ajg^K*«$7— 

[B3] *llfi«2(DM-fb^>*>a*itt*»S7— 9tt 
lLT^XXS7-'|>tii±lLfct0a)LD-TO 

t o fii^^^ h;i/0)-»s*tH-efc4. 
[05] mt«20lMb-bU^^B«tt*««7-^jtt' 

[116] Xtkfl2 0)IMb77ir4-^^Aa«K*««7 

-9ftlLtfffeXX$7-U >T*»fciJ LfrfcCDtf) L D 

-TOFit^ h;ua>-»s*-rBtf&* 0 
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